The negative-parity energy levels of the even-odd Yb isotopes, ' Yb, ' 'Yb, ' Yb, ' 'Yb, and ' Yb, are studied systematically within the framework of the extended interacting-boson-fermionapproximation (IBFA) model in which one odd fermion is couplied with a boson core. The boson core is described with the IBA model but allowing one boson to break into a quasifermion pair. The odd fermion is assumed to be in one of the f7/2 and p3/2 single-particle orbitals while the fermion pair is allowed to occupy the single-particle orbit i&3/2 It was found that the negative-parity energy levels of these even-odd Yb isotopes and the values of transition quadrupole moments for the ground-state rotational band of ' Yb can be reproduced in fairly good agreement with the observed data.
I. INTRODUCTION Recently, experimental information on even-and oddmass Yb isotopes has become more abundant [1 -17] .
These nuclei fall in the transitional region and have several interesting properties. For example, they can assume a variety of shapes [8] ranging from oblate to superdeformed prolate, and thus the coexistence of different nuclear shapes, collective and noncollective rotational modes, is expected. Second, the ytterbium nuclei in this mass region can bear higher angular momentum [1 -3,8, 11,12] . Furthermore, the energy spacings between the negative-parity levels in some even-odd-mass Yb isotopes have been observed several anomalous phenomena such as the abrupt shrinking [14, 15] between some adjacent energy levels and backbendings [3, 4] as one plots the moment of inertia versus the square of the angular velocity for yrast band of a nucleus. These phenomena might be a result of the complicated interplay between the collective and single-particle degrees of freedom induced by the Coriolis decoupling [18] . A generalized calculation within the framework of the two-quasiparticle plus rotor band-mixing model [19] predicted that the high-spin states are produced by the alignments of the angular momenta of the decoupled quasiparticles along the collective rotation. Most of the high-spin data can be understood, at least qualitatively, in terms of the cranked shell model [20 -22] which assumes aligned high-j nucleons weakly coupled to deformed cores with rather constant deformation parameters. However, the neglect of variations in deformation from state to state is dangerous in the N=88 -90 transition region between rotational and variational nuclei [9] . Recently, the interacting-bosonapproximation (IBA) and interacting-boson-fermionapproximation (IBFA) models including fermion pair degrees of freedom [23 -29] were employed to analyze the positive-and negative-parity high-spin anomalies. It was found that high-spin states and the back-bend phenomena could be reproduced quite well.
The negative-parity bands of even-odd-mass Yb isotopes, ' Yb ' Yb, ' Yb, '~'Yb, and ' Yb, are seldom studied in recent years because of their complicated band-crossing patterns. In this work we shall employ the extended IBFA model to study the energy levels of the odd-mass Yb isotopes. These odd-mass nuclei are assumed to be described by an odd fermion weakly coupled to a boson core. The boson core is studied with the extended IBA by allowing one of the bosons to break into a fermion quasiparticle pair, usually assigned to a uniqueparity intruder orbital with spin j. In the region of welldeformed nuclei, the unique-parity intruder orbital such as h &&/2 or i]3/2 is the most important because both the Coriolis antipairing and rotation alignment effects increase with increasing angular momentum [18, 29] . However, a recent study on the negative-parity high-spin states of N=88 isotones [30] manifested that the orbit i&3/2 is the most important one for the first back bending. As a consequence, in this work we restrict the quasiparticle pair to be in the i/3/2 single-particle orbit only. The odd nucleon for our even-odd-mass isotopes is assumed to distribute in the f7/2 or p3/2 single-particle orbital. In the present work, the IBA-1 basis states are used in the boson core. This is because the IBA-1 has been proven [31] to be a valid approximation in transitional regions far from the closed shell.
II. MODEL
In the calculation of the negative-parity energy levels of the even-odd-mass Yb isotopes, Z =X = 82 is taken as the core. The pure IBFA model assumes a valence boson number Nz = 11, 12, 14, 15 , and 16 and a fermion quasiparticle distributed in the single-particle orbitals f7/2 or p 3 /p for the five nuclides ' Yb, ' Yb, ' 9 Yb, ' ' Yb, and Yb, respectively.
In addition to the pure IBFA ' Yb, ' Yb, and ' Yb. To describe the even-even boson core, the fermion pair degrees of freedom are taken into account in the traditional IBA model by allowing a boson to break into one fermion pair which is assumed to distribute in the single-particle orbit i&3/2 In the practical calculation, the single-particle energy e(i&3/p) and interaction parameters contained in the Hamiltonians H& and H are first chosen to reproduce the positive-parity energy spectra of these five even-even Yb nuclei. After obtaining these parameters, the interaction strengths contained in V~F and the single-fermion energy E(p3/2 f7/p)-[the single-particle energy s(f7/2) is set to be zero] were then fitted to the negative-parity energy spectra of the even-odd Yb nuclei using the following constrains: (1)
The single-particle energy of i, 3/2 and interaction parameters contained in H~a nd H are kept at the same value as those obtained from the fitting of the positive-parity states of even-even Yb nuclei. (2) The parameters a and A are assumed as smooth functions of neutron number. 
III. RESULTS
The searched interaction strengths for the even " value at I = -", . On the contrary, the previous works of Oshima et al. [17] with the rotating shell model and Yoshida et al. [26] 
